Abstract Reproductive lives of men and women may provide significant insight into later-life morbidity and mortality. Sociological, biological, and evolutionary theories predict a relationship between reproductive history and later-life health; however, current research is lacking consensus on the direction of the relationship. Parity, early age at first birth and last birth, birth weight of offspring, having a child die as an infant, and having a preterm birth may have long-term effects on health for both men and women. In this study, the relationship between these measures of reproductive history and later-life health is examined using the Utah Population Database (a rich source of longitudinal data), and Medicare claims data from 1992-2009. Later-life health is measured using annual Charlson comorbidity index scores, a construct that summarizes most serious illnesses afflicting older individuals. Group-based trajectory modeling that accounts for nonrandom attrition due to death is used to identify the number and types of morbidity trajectories by sex and age for 52,924 individuals aged 65-84 in 1992. For females, early age at first birth, high parity, and having a preterm or high-birth-weight baby are associated with increased risks of comorbidity; later age at last birth is associated with a decreased risk of comorbidity. For males, early age at first birth and having a child with an abnormal birth weight leads to increased risk of comorbidity. Demography (2015) 52:2021-2049 DOI 10.1007 Electronic supplementary material The online version of this article (doi:10.1007/s13524-015-0439-5) contains supplementary material, which is available to authorized users. The results suggest that both biological and social factors play important roles in the relationships between fertility and morbidity profiles at older ages.
Introduction
Variations in the frequency, severity, and sequences of illness among older adults suggest that morbidity is not an inevitable consequence of aging. To examine the sources of this variation, we adopt a life course approach, which advocates the idea of periods of plasticity wherein individuals may experience physiological or social change that alters their future health trajectories. The question of variability and patterning of illness profiles are examined herein by using data for 1992-2009 from the Centers for Medicare & Medicaid Services (CMS) linked to the Utah Population Database (UPDB), a rich source of longitudinal data. Fertility information is derived from a combination of sources within UPDB including genealogical records from two sources-the Genealogical Society of Utah and linked Utah vital records-including birth certificate data. Fertility characteristics we investigate include parity, early age at first birth and last birth, birth weight of offspring, having a child die as an infant, and having a preterm birth. The goals of this analysis are twofold: (1) to identify distinct trajectories of comorbidity from 1992 to 2009 for individuals aged 66-84 in 1992 by sex and birth cohort; and (2) to estimate the association between measures of fertility and these later-life comorbidity trajectories while controlling for early-life conditions (ELCs).
Background
Considerable research investigating the relationship between reproductive history and health has focused on adult and older-age mortality. An important but smaller set of studies has also demonstrated the relationship between reproductive history and a variety of later-life health measures (Davey Smith et al. 2004; Grundy and Tomassini 2005; Henretta et al. 2008; Kravdal 1995; Lawlor et al. 2003; Myklestad et al. 2012; Spence 2008; Yi and Vaupel 2004) . It is common for studies of reproductive history and health to focus on females; however, it is also true that reproductive history affects males through mechanisms that may be more social in origin. In addition, including males in the analyses serves to sharpen the possible mechanisms underlying the association between fertility and later morbidity risk.
To date, no studies have investigated the relationship between reproductive history and comorbidity trajectories during the post-reproductive period. This is an important area for research because studies of all-cause mortality or single diseases do not allow for more comprehensive analyses of sets of diseases that are the hallmark of aging, a feature that is addressed here by the use of morbidity trajectories.
Evolutionary, biological, and social theories predict that reproductive costs represented by parity, age at first birth, age at last birth, interbirth intervals, twinning, birth weight of offspring, and giving birth prematurely may all be associated with later-life morbidity and mortality for both males and females. Ignoring these potential developmental origins of adult disease may lead to confounded estimates linking fertility behavior to later morbidity patterns. Figure 1 summarizes the direct and indirect mechanisms that may affect health trajectories after age 65. The past literature that has examined reproductive history includes both clinical and population samplesmethodological distinctions that may influence generalizability of findings. Although clinical samples are biased, they often have better measures and provide important information about mechanisms linking reproductive outcomes to later-life health. Therefore, both types of studies are discussed herein.
Direct Biological Evolutionary and Genetic Theories Linking Reproductive Health to Aging
Evolutionary theories of disposable soma and antagonistic pleiotropy help to articulate the relationship between fertility and mortality. For females, these theories predict that young age at first birth and high parity are associated with increased comorbidity later in life (Gagnon et al. 2009; Smith et al. 2002) . High parity, late age at last birth, multiple births, and short birth intervals may also be associated with decreased comorbidity later in life. For example, it has been suggested that genetic variants influence both late female fertility and slowed rates of somatic aging (Smith et al. 2009a ). Fertility may also be an indication of health status. Women with higher fertility, with shorter birth intervals, who have had twins, and with later ages at last birth may have increased longevity because elevated fertility is a marker of a robust phenotype (Hawkes 2010; Smith 2011, 2012) . Male fertility may also be a biomarker for overall male somatic health (Eisenberg 2012; Eisenberg et al. 2011) . Male subfertility has been linked to increased risk for cancer (testicular, prostate, and colon), reduced lifespan, and possibly cardiovascular disease and metabolic syndrome (Walsh et al. 2009a (Walsh et al. , b, 2010 .
Direct Biological Effects of Reproductive Health and Biological Indicators of Later-Life Health
From a life course epidemiology perspective, physiological scarring has been used to define an event that permanently alters the physiological functioning of an organism. Pregnancy may trigger physiological changes that favorably or adversely affect laterlife health among women. Increased parity and early age at first birth have been shown to lower risk of postmenopausal reproductive cancers. One of the well-characterized pathways relates to pregnancy, which affects lifetime exposure to endogenous hormones (progesterone and estrogen), which in turn are associated with cancer risk later in life (Kelsey et al. 1993; Kobayashi et al. 2012; Lukanova and Kaaks 2005) . There is an inverse association between parity and cancer incidence in tissues sensitive to hormone levels, such as breast, endometrial, and ovarian (Kelsey et al. 1993; Kobayashi et al. 2012; Kvale et al. 1994; Permuth-Wey and Sellers 2009 ). Age at first birth is also a well-established risk factor for breast cancer, with younger age at first birth being protective (MacMahon et al. 1973) .
Reproductive behaviors may lead to additional physiological changes that adversely affect a woman's health. Pregnancy-related biological responses lead to increased risks for coronary heart disease and obesity later in life (Bastian et al. 2005; Lawlor et al. 2003 ). Short birth spacing and multiple births (twins) may leave a physiological imprint on the mother. Specifically, the maternal depletion hypothesis argues that physiological demands of pregnancy diminish physical resources and that short birth intervals do not give the mother ample time to recover from the stresses of the previous pregnancy (Jelliffe and Jelliffe 1978; Kirkwood and Rose 1991) . These theories predict increased comorbidities with high parity, short birth intervals, and multiple births.
Characteristics of a mother's offspring at time of birth can be used to gauge the woman's health during her reproductive period and may predict health status as she ages. Examples of these markers include birth weight of her child and whether her child was born prematurely (Bellamy et al. 2009; Carr et al. 2006; Smith et al. 1997 Smith et al. , 2000 . There are at least two reasons for these associations. First, they may be indicators of the social and physical environment of the mother, with conditions affecting the development and health of both mother and fetus. Second, they may be indicative of genetic variants carried by the mother or father that predispose them to cardiovascular disease (Myklestad et al. 2012) . These studies suggest that high-and low-birth-weight and preterm babies are associated with adverse health outcomes later in life of the parents.
Indirect Social Mechanisms Linking Reproductive History to Later-Life Health
Social theories predict both positive and negative relationships between parity and later-life morbidity. The social benefits of adult children may negate adverse physiological effects of having children because they may provide social support, social engagement, and instrumental help to their parents. Strong social support may reduce stress, minimize risky behavior, and foster feelings of meaning. Individuals with more social support and intimate ties have better health and lower mortality (Berkman and Syme 1979; House et al. 1988) . Children may provide a support network later in life, and more children may increase the chance of parents having regular contact (Uhlenberg and Cooney 1990) and receipt of help from their children (Grundy and Read 2012) . Later ages at first birth may also allow for accumulation of wealth and resources that may be associated with fewer adverse health outcomes later in life.
Psychological, social, and economic impacts of having children may also lead to a positive relationship between parity and later-life morbidity. Increasing parity is associated with obesity and coronary heart disease for both men and women, whereby lifestyle factors associated with high parity may lead to increased risks of morbidity (Lawlor et al. 2003) . Increased parity may not necessarily translate to increased social support. Smith et al. (2002) suggested that high-parity children may have fewer resources to devote to parents; and because of the intergenerational transmission of fertility, high parity may actually lead to decreased social support.
Early parenthood may limit opportunities for education and employment (Ross and Huber 1985; Waldron et al. 1998) , which leads to adverse health consequences later in life (Mirowsky 2005; Phelan et al. 2010) . Mirowsky (2005) suggested that the optimal period for childbirth in relation to health is from the late-20s to mid-30s and that the social and economic benefits of delayed childbearing far outweigh presumed biological costs. The current findings in the literature present conflicting findings related to the benefits of age at last birth after 39, with some studies suggesting that late ages at last birth are protective (Smith et al. , 2009b ) and others suggesting they are damaging (Mirowsky 2005) .
Finally, infant mortality may be a marker for maternal health, limited resources, and adverse environments surrounding childbearing (Geronimus 1992; McCormick et al. 1984) . Environments that lead to adverse health outcomes of the infant may also be risky for the parents. Therefore, the death of a child during infancy may be associated with poor health later in life.
Events Throughout the Life Course That Affect Fertility and Morbidity
Examining the relationship between fertility and morbidity without controlling for early-life circumstances can lead to a bias assessment of their association. Early-life factors affect both reproductive health and behaviors of men and women (Doblhammer and Oeppen 2003; Rich-Edwards 2002) ; therefore, part of the observed association between fertility and later-life morbidity is possibly a reflection of genetic makeup at birth or physiological changes during childhood. For example, adverse childhood and adolescent circumstances are related to early motherhood (Geronimus and Korenman 1992) and later-life health (Galobardes et al. 2008; Preston et al. 1998; Smith et al. 2009b) . These are important confounders that must be controlled for when studying effects of fertility on later-life morbidity. The current study includes measures of earlylife circumstances that may affect fertility and later-life health outcomes.
This study aims to identify distinct comorbidity trajectories from 1992-2009 and to identify whether and how measures of fertility and reproductive health are associated with morbidity profiles later in life for both males and females. Health trajectories at younger ages are not considered because Medicare data are not available prior to age 65. From a life course epidemiology perspective, this is a valid age range to study because early stressors affect later-life health, and a study of those after age 65 is apropos. Much of the world has fertility today that is not so different from the elderly cohorts that we study in Utah; thus, our results may speak to other populations. Understanding the relationship between multiple measures of fertility in both sexes allows us to increase our understanding of the long-term implications of reproduction.
Data
The majority of life-span epidemiological studies examine health influences of conditions early in life and in adulthood with relatively modest sample sizes. This study addresses this limitation by using data drawn from the Utah Population Database (UPDB). UPDB has supported numerous biodemographic, epidemiological, and genetic studies largely because of its sample size, pedigree complexity, and linkages across data sources. Because of longstanding and ongoing efforts to add new sources of data and update records as they become available, the full UPDB contains data on more than 8 million individuals, including all statewide death certificate records (1904-present) and all Medicare claims (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) .
Given cohort differences in mortality and quickly changing morbidity risks by age and sex, we conduct all analyses by sex and two age categories (66-74 and 75-84) ; the first age category begins at 66 to eliminate problems of prorating partial year coverage of individuals who become Medicare eligible partway into a year when turning 65. Ages are considered in 1992, the first year in which UPDB has been linked to Medicare data. Separating samples by age effectively controls for broad cohort differences and allows us to analyze the cohort-specific trends for an 18-year period. Individuals age 66-74 and 75-84 in 1992 are considered members of the young-old cohort (born 1918-1926) and middle-old cohort (born 1908-1917) , respectively.
We select once-married parous individuals to limit complications related to fertility spanning more than one marriage partner. We also exclude individuals with a spouse deceased before the individual reached age 50 because they may not have completed childbearing (Gagnon et al. 2009 ). The Centers for Medicare & Medicaid Services (CMS) data pertain to individuals who survive to age 65, thus including individuals who have by definition completed childbearing. Selecting parous individuals helps in identification of multivariate effects of both intensity and timing of fertility on comorbidity trajectories. It is also a necessary restriction because identification of nulliparous women is not as comprehensive in the UPDB (Moorad et al. 2011) . Note that only a small fraction of individuals are excluded for this reason and therefore represent a very small source of bias. However, this analysis is not intended to account for the impact of childlessness (Gagnon et al. 2009; Smith et al. 2002) . Individuals are also required to have sufficient information about parents in the database, which allows for the inclusion of early-life circumstances in the model, most of which naturally relate to the parents. CMS data allow us to assess whether an individual is sufficiently represented in the Medicare claims data so that they can contribute to the construction of morbidity trajectories. Our goal is to avoid characterizing someone as being disease-free when their health events are simply not well represented in the Medicare data. CMS provides a monthly indicator variable that describes when a beneficiary was enrolled in a managed care plan. As expected, few Medicare claims exist in the file for individuals during the time they are enrolled in a managed care plan (managed care organization (MCO) or Medicare Advantage). For the purposes of this analysis, we exclude persons who have at least one month of enrollment in a managed care plan. We also require individuals to have at least one full year of data-a requirement to model the outcome. Accordingly, those deceased in 1992 are excluded. Individuals were then followed for a maximum of 18 years (to 2009), our last year of Medicare data, or until death. The total sample size is N = 41,158 190; 099; 349; 520) . Sample exclusion criteria are shown in Table S1 in Online Resource 1.
An ancillary analysis of individuals aged 66 to 74 in 1992 was conducted based on those for whom we could obtain information from birth certificates. Birth certificate information in UPDB is available from 1915-1921 and 1938 to the present; however, birth weight was not recorded until 1947. Because we are interested in the effects of birth weight and prematurity on parental morbidity trajectories, individuals used in this analysis are required to have their first birth in 1947 or later with all births occurring in Utah (providing complete fertility information). Approximately 40 % (n = 4,142) of women and 55 % (n = 6,192) of men in this young-old cohort have birth certificate records for all births. Individuals age 66 and 74 in 1992 would have had their first birth at age 21 if they were the youngest members of the cohort, and at age 29 if they were the oldest. For females, the average age at first birth in the birth certificate sample is 2.5 years greater than among those excluded (25.8 vs. 23.3, p < .01); for males, it is 1.4 years greater (26.9 vs. 25.5, p < .01). Despite these sample selection restrictions, the benefits of linking birth outcomes to later-life health trajectories are justifiable.
Key Measures

Comorbidity
We observe morbidity episodes from Medicare claims collected over time for each individual. Health status is measured by the Charlson comorbidity index (CCI) (Charlson et al. 1987) . In the present study, we adopt the Klabunde et al. (2000) variant of the CCI based on the SEER-Medicare Comorbidity macro (Healthcare Delivery Research 2010). The SEER-Medicare macro calculates the CCI with respect to cancer. Given that cancer originally was the index disease, it was not included as a comorbid condition in this SEER-Medicare program. Accordingly, we add cancer as comorbid disease. We identify specific episodes of the following 17 major morbidity conditions occurring during the interval 1992-2009 on a per annum basis that form the basis of the CCI. Items are coded as 0 if they do not occur at any time during the year, and as a weighted score based on ability to predict mortality if they do occur: 
Demographic Characteristics
All models control for age in 1992, mean-centered within sex and age groups.
Widowhood is a frequent occurrence among individuals in this age range and may be linked to changes in health status (Williams and Umberson 2004) . Time-varying covariates are used to allow for altered shapes of the trajectories due to the death of a spouse. An indicator variable was created for each year of observation, defined as equal to 0 during all periods where the spouse was alive and equal to 1 during periods where the spouse was deceased.
Measures of Early-Life Conditions
Measures of age at parental death, childhood socioeconomic status (SES), familial excess longevity (FEL; described later in this section), and religious participation are generated from the data held within the UPDB. Death of a parent during childhood may have adverse effects on health later in life (Andersson et al. 1996; Norton et al. 2011; Umberson and Chen 1994) , and disruption of the family may affect transition into adulthood, including timing of childbirth. Birth, marriage, and death dates are recorded comprehensively in the UPDB and are used to construct categories of parental death. Sex of the deceased parent may have different social and economic implications; therefore, two categories are created (one mother and one father) for each of the following circumstances related to parental death: (1) mother/father died when child was under age 18, and (2) parent deceased after child was age 18 (reference category). In addition, a category is included for both parents deceased when child was under 18 (orphan). Childhood SES may directly and indirectly influence marriage and reproductive success, timing of childbirth, and later-life comorbidity (Doblhammer and Oeppen 2003; Geronimus and Korenman 1992; Kuh and Ben-Shlomo 2004) . Childhood SES is measured using usual occupation and industry information reported on their father's death certificate for fathers who died in Utah and for whom we have a death certificate (deaths occurring from 1904 forward). Occupational descriptions are converted to Nam-Powers socioeconomic (NP SES) scores, a measure of income and education based on occupational categories that range from 1 to 99, with higher scores being associated with higher SES (Nam and Powers 1983) . NP SES scores are not available for approximately 20 % of the sample, and values for these individual are imputed by substituting the mean plus a random number multiplied by the distribution of nonmissing values based on the standard deviation. An additional variable indicating missing values is also included (Paul et al. 2008) . Approximately 30 % of fathers from this era were farmers. Farming may confer a survival advantage related to lifestyle factors (Gavrilov and Gavrilova 2012) . As a result, a separate dummy variable is created for farming.
To control for unobservable genetic and shared environmental effects, we use a measure of family history of longevity: FEL (Kerber et al. 2001 ). This measure has been applied in a similar fashion in other life-span studies using UPDB (Garibotti et al. 2006; Kerber et al. 2012; Smith et al. 2009b) . To construct FEL, we first measure individual-level excess longevity, defined as the difference between an individual's attained age and the age to which that individual was expected to live according to a model that incorporates two basic life-span predictors (sex and birth year). Excess longevity is then extended to blood relatives who reached the age of 65 for each individual, a restriction to focus on years less affected by external causes of death. The kinship coefficient-the probability that an individual shares a particular allele with another individual-is used as a weight in calculating FEL. Averaging excess longevities of all blood kin over 65 for each individual, weighted by their kinship coefficients, generates a point estimate of FEL. We have found that individuals with high FEL live longer and experience more healthful disease trajectories as they age (Smith et al. 2009b (Smith et al. , 2012a .
Active affiliation with the Church of Jesus Christ of Latter-day Saints (LDS) is associated with increased life expectancy (Enstrom and Breslow 2008) and high fertility rates (Arland 1979) . Individuals actively affiliated with the LDS church are more likely to abstain from alcohol and tobacco use, fast once per month, and participate in church-related social activities . The UPDB contains information on baptism and endowment dates from family history records and are used to classify individuals as active followers, inactive, or nonmembers. Individuals with an endowment date have agreed to live their lives following the doctrine of the LDS church and are considered active church followers if endowed before age 40. Individuals with a baptism date but no endowment date are considered inactive, and individuals with no baptism or endowment date are considered nonmembers of the LDS church (reference category).
Measures of Fertility
Fertility information is derived from a combination of sources collected from genealogical records obtained from two sources: the Genealogical Society of Utah and linked vital records, including birth certificate data from 1915-1921 and 1938 to the present. All eligible women in the sample have completed their fertility by definition because they are required to survive to at least age 65 to be visible in the Medicare Claims data.
Parity is measured with a set of dummy variables indicating whether a woman had 1-2, 3-5, 6-8, or 9 or more children. On average, women had four children, and the category for 3-5 was used as a reference. To measure the effects of early and late childbirth, dummy variables are created for the following categories: age at first birth before the age of 18, 18-24 (reference category), and after age 25. Because very few men in the sample had a first birth before age 18, this category is combined with the 18-24 group for men. For age at last birth, three categories are created: under 35 (reference group), 35-39, and 40 or older. A dummy variable is used to identify parents of twins. Short birth intervals are defined as interbirth intervals less than 18 months, and long intervals are defined as intervals >60 months (Conde-Agudelo et al. 2007 ). Separate variables are created to identify individuals with at least one short or long interbirth interval.
Infant mortality may be a marker for maternal health and adverse environments (McCormick et al. 1984) . Individuals losing one or more children during the first year of life are identified with a dummy variable.
Birth certificates contain information on mother's marital status, prematurity, and birth weight (starting in 1947). Using the information from the birth certificates, individuals are categorized as ever having a high-birth-weight (>4,000 grams) or low-birth-weight baby (<2,500 grams and carried 37+ weeks), which reflects Women, Infants, and Children (WIC) Nutrition Risk Criteria (Porter 1996) . Preterm birth is defined as the birth of an infant before 37 weeks of gestation. Table 1 presents descriptive statistics of all the measures by sex and age group.
Constructing Morbidity Trajectories
We determine how reproductive history and health affect the likelihood of having a particular later-life comorbidity trajectory. Assessment of comorbidity trajectories are accomplished through the application of a finite mixture modeling approach available as a SAS procedure, called PROC TRAJ (Haviland et al. 2008; Jones and Nagin 2007; Nagin and Tremblay 2001) . The group-based modeling approach allows for identification of distinct clusters of individual trajectories.
The response variable in this analysis is a weighted count of the number of comorbid conditions. Accordingly, a zero-inflated Poisson (ZIP)-based distribution is used. Both Poisson and censored normal distributions were considered, but the ZIP provided the best fit for our data.
Trajectories were modeled so as to allow for two to six groups as a quadratic function of time with widowhood included as a time-varying covariate. Model fit is assessed using Bayesian information criterion (BIC). There are situations where BIC continues to increase as more groups are added, but these additional groups do not help to summarize the distinct features of the data parsimoniously (Nagin 2005) . Therefore, average posterior probability of assignment, odds of correct classification, and estimated group probabilities versus the observed proportion of the sample assigned to the group (Nagin 2005) are also used to assess a model's correspondence with the data.
Nonrandom attrition alters characteristics of the population over time and can lead to biased estimates. Because we exclude individuals enrolled in a managed care plan during any period of a given year, our only source of censorship is death. PROC TRAJ is used to simultaneously model comorbidity trajectories and probability of death, allowing the modeled probability of death to vary across trajectory groups. Individuals in the analysis are required to be alive in 1992, and therefore the probability of dropout during that year is zero. All models account for nonrandom attrition due to death using the PROC TRAJ extension created by Haviland (Haviland et al. 2011; Zimmer et al. 2012 ). This extension jointly models morbidity trajectories with the logit of the mortality probability by group that includes dependence on the prior period response until dropout and age. Trajectory group membership probabilities can vary as a function of either timeinvariant characteristics or characteristics established before the observation period (Jones and Nagin 2007) . This component jointly estimates a multinomial logit model that captures the effects of stable characteristics on the probability of group membership. This makes it possible to test the effect of early-life conditions and fertility on the probability of membership in each group (Nagin and Odgers 2010) .
For each group, the following analyses are conducted. First, we derive base trajectory groups in which comorbidity is a function of only time in order to select the best model. Second, we fit a model with the covariates from the demographic, early-life conditions (ELCs), and fertility domains. We examine the probability that trajectory membership associated with ELCs are mediated by timing of childbirth (age at first and last birth), preterm birth, and parity. All models account for nonrandom attrition due to death.
Addressing Sample Selection Bias
UPDB's extensive data holdings and follow-up information allow us to test and correct for sample selection bias, which is often not feasible because of the lack of longitudinal population data. To correct for potential selection bias due to data restrictions, we use a Heckman two-stage modeling strategy (Heckman 1979 ) performed using Stata 11 (Gagnon et al. 2009 ). In the first stage, a probit model assesses factors leading to selection into the sample among all individuals (see Table S1 , Online Resource 1). The dependent variable is a dichotomous indicator of selection into the sample. This equation generates the inverse Mills ratio (IMR) (Fu et al. 2004) , which can be interpreted as the hazard of not being selected into the sample. The independent variables used in the selection equation are displayed in Table S2 , Online Resource 1. Although other methods of sample selection correction exist, such as the Wooldridge method, we do not employ them because analyses have shown that other methods do not necessarily outperform the Heckman estimator, and both the Wooldridge and Heckman methods show satisfactory and comparable performance (Arulampalam and Stewart 2009 ).
Because our sample selection is largely based on having complete information in UPDB and non-enrollment in an MCO, we select variables that are closely related to enrollment and use them as independent variables in the selection equations. The first variable is age in 1992, derived from CMS records. Second, the longitudinal information within the UPDB is more complete for individuals with a longer length of residence in the state of Utah. Because UPDB holds information on the birthplace of individuals, it is used to create an indicator variable to proxy for residential duration (born in Utah vs. outside Utah). Approximately 85 % of individuals selected into the sample were born in Utah, compared with 40 % of those not in the sample. Finally, area-level characteristics of an individual's current place of residence may also predict selection into the sample. Information about an individual's county of residence in 1992, based on CMS residential data, is used and is derived from the 1990 U.S. Census. Table S2 shows large differences in county-level population and median family income between those selected and not selected. Of those selected into the final sample, 61 % reside in the Wasatch Front (the urban core of Utah that holds approximately 75 % of the population of Utah), compared with 48 % of the nonselected individuals. The UPDB has information on individuals who migrate out of state, and therefore we have scarce data on individuals who reside in other states. This contributes to the large difference in county-level population between the groups because a larger proportion of individuals in the nonselected group reside in populous counties in California (such as Los Angeles county, population of 8.8 million in 1992).
In the second stage of the selection modeling, trajectory models are estimated with the IMR from the first stage added as a covariate, with the goal being to account for possible sample selection bias in the final models. The far-right column in Table S2 shows that all variables included in the probit models significantly predict selection into the sample, with the exception of age in the equation for males aged 75-84. Increasing age and being born in Utah increase the probability of selection into the sample, while county median family income and population size are associated with a decreased probability of selection into the sample for all sexes and cohorts (with the aforementioned age exception).
Results
Trajectories of Comorbidity
Trajectories were modeled for two to six groups as a quadratic function of time with widowhood included as a time-varying covariate. Model fit was assessed using the BIC and additional measures of model fit discussed in the Methods section. The best fitting models for both males and females ages 66-74 (the young-old) in 1992 reveal six distinct trajectory groups, while those for ages 75-84 (the middle-old) show five; one of the five categories of the middle-old (initiates) is further distinguished into two groups (slow initiates and accelerated initiates) for the young-old. The shape of the trajectories is similar between males and females in their respective age groups; however, intercepts differ. For females in the young-old age category, trajectory membership is evenly distributed among the robust (19.1 %), slow initiates (18.8 %), chronic low (19.7 %), and ailing (21.8 %). Compared with females, males have lower percentages in the robust (15.7 %) and slow initiates (16.4 %) groups but higher percentages in the ailing (26.1 %), accelerated initiates (15.3 %), and frail groups (8 %). The frail category constitutes the smallest proportion of group membership for males and females, at 8 % and 7.3 %, respectively. These findings are somewhat unexpected given the health-survival paradox in which females have worse health and 1992 (N = 12,190 Compared with the young-old, is the middle-old experience a near doubling in the proportion of frail females (13.6 % vs. 7.3 %) and a 50 % increase for males (12.5 % vs. 8 %). Another notable difference between the young-old and middle-old is the maximum predicted CCI, which is higher in the young-old category for both sexes. Although the two cohorts are not directly comparable, the results suggest a possible decrease in the heterogeneity of morbidity (mortality selection) patterns with age, with fewer categories in the older age groups. The lower number of categories that fit the data may also be a function of the decreased sample size in the middle-old cohort. We also find six distinct trajectory groups for the male and female samples when restricting the analysis to the birth certificate samples. The parameter estimates and estimated trajectory memberships are similar across samples (results not shown) with a slightly higher percentage in the robust group for both males and females compared with the full sample. This is not unexpected given the younger age distribution of these subsamples.
Mortality
Charlson comorbidity index Females aged 66-74 in
Panel B of Figs. 2, 3, 4, and 5 display the probability of dropout due to death for each sex and age group. This probability is modeled as a function of age and the comorbidity measurement in the previous year, and it is allowed to vary by trajectory group. Mortality trajectories follow a similar hierarchy as the comorbidity trajectories, with the robust group generally having the lowest levels of mortality and the frail group having the highest. Mortality in all groups naturally rise with time; the accelerated initiates have the greatest rate of increase in mortality for the young-old cohort, and the ailing and initiates have the greatest rate of increase for females and males, respectively, in the middle-old cohort. Females have lower probabilities of death than males in their respective cohorts and comorbidity groups, as expected, and the young-old have lower probabilities than the middle-old.
Widowhood alters the shape of the trajectory for some, but not all, trajectory groups. In general, death of a spouse between 1992 and 2009 leads to increases in the level of comorbidity within a trajectory. Individuals in the frail categories and males in the middle-old cohort are the least affected by widowhood, with few of the effects reaching significance (results not shown). Tables 2, 3 , 4, and 5 display the odds ratios for full models for the association among demographic, ELCs, and fertility measures and the probability of group membership. The reference group in all tables is the robust category. Thus, we are comparing the probability of membership in each trajectory group relative to the probability of membership in the group with the healthiest trajectory. All results discussed here control for early-life events and demographic measures, and therefore results presented are fully adjusted. Unless otherwise noted, the results we highlight are significant at p < .05.
Fertility History and Later-Life Comorbidity
For females in the young cohort, we do not find a significant association between parity and trajectory membership. Significant relationships between age at first birth and membership in a trajectory group were detected. Table 2 shows that compared with women having their first birth between the ages of 19 and 24, young age at first birth (<18) nearly doubles the odds of being in the frail versus robust trajectory. The results also suggest that young age at first birth increases the odds of being in the other Note: Results shown in Table 2 are controlling for widowhood and jointly modeled with mortality trajectories. † p < .10; *p < .05
categories with increased comorbidity, but the differences do not reach significance. Older age at last birth confers a protective effect, with women who had their last birth at age 35 or later having decreased odds of being in a less-favorable trajectory. Women whose age at last birth was between the ages of 35 and 39 and after age 40 have a 24 % and a 25 % (p = .07), respectively, decrease in the odds of being in the frail versus Note: Results shown in Table 3 are controlling for widowhood and jointly modeled with mortality trajectories. † p < .10; *p < .05
robust group compared with females ending childbearing earlier. We see no evidence of an association among twinning, infant deaths, short birth intervals, long birth intervals, and later-life comorbidity trajectories for this group. Table 3 shows the results for females in the middle-old cohort. We find little association between parity and trajectory membership, ceteris paribus, for females in Table 4 are controlling for widowhood and jointly modeled with mortality trajectories. † p < .10; *p < .05 the middle-old cohort with the exception of the frail group, where females having nine or more children are nearly twice as likely to be in the frail versus robust group. The relationship between age at first birth and trajectory membership persist and are similar to the patterns observed in the young-old cohort. Females having their first birth during the teenage years are more likely to be in the chronic low, ailing, and frail versus robust groups. Females in this cohort having their first birth after age 25 are less likely to be in Table 5 are controlling for widowhood and jointly modeled with mortality trajectories. † p < .10; *p < .05
the chronic low and frail categories. Compared with females having their last birth before the age of 35, females having their last child after the age of 35 are more likely to be in the chronic low group versus the robust group. However, last birth after the age of 40 have a 24 % decrease in the odds of being in the frail versus robust group. This inconsistency may be a reflection of dwindling sample size and mortality selection. As with the younger female cohort, we find no association among trajectory membership and twinning, infant death, and short birth intervals, ceteris paribus. Having one or more long birth interval reduces the odds of being in any of the groups with more comorbid conditions versus the robust, with a respective decrease of 24 %, 34 %, 18 %, and 27 % in the risk of being in the initiates, chronic low, ailing, and frail versus robust group. (The difference in the magnitude of the effect across groups is not significant.) We find no association between parity and trajectory membership for males in the young-old and middle-old cohorts, ceteris paribus. Having a later age at first birth (over the age of 25 vs. younger than 25) is protective for males in both cohorts. Table 4 shows that for males in the young-old cohort, having their first birth at the age of 25 or older reduces the odds of being in the accelerated initiates, chronic low, ailing, and frail groups by at least 20 % for each group compared with the robust. Table 5 shows that for males in the middle-old cohort, older age at first birth is associated with an 18 % and a 29 % reduction in the risk of being in the ailing and frail groups, respectively, compared with the robust. Males in the middle-old cohort having their last child after the age of 40 have a 26 % decrease in the odds of being in the ailing versus robust group. We do not find an association among twinning, age at last birth, short birth intervals, long birth intervals, and infant deaths and group membership for males in these cohorts.
The IMR estimated from the probit model predicting selection into the sample was included in the analyses. Overall, the sample bias correction term, the IMR, has little effect on probability of group membership across all samples. We find that an increased hazard of nonselection is associated with an increase in likelihood of being in the frail group for females in the young-old cohort and the ailing group for males in the middleold cohort. Individuals predicted not to be in the sample had a 30 % and a 38 % increase in the odds of being in the frail and ailing groups for the young-old females and middle-old males, respectively. An advantage of using the IMR term is that it simultaneously tests for and corrects selection bias.
The results based on samples with birth certificate data are presented in Fig. 6 . Individuals included in these models were required to have Utah birth certificate records in UPDB for all births. Thus, the results are based on a subsample in the young-old cohorts, with a higher percentage of the males from the full sample represented (N Female = 4, 124 and N Male = 6, 192) . This disparity arises because, on average, men have an older age at first birth and are therefore more likely to meet the selection criteria. All models control for early-life conditions and the fertility covariates used in the earlier models; they are otherwise constructed and estimated in the same manner.
We find that for females in the young-old cohort, having one or more high-birthweight children increases the odds of being in the chronic low, ailing, and frail versus the robust group by 39 %, 60 %, and 76 %, respectively. Females having one or more preterm births have a 54 % increase in the odds of being in the frail group versus the robust group. We do not find an association between ever having a low-birth-weight (carried to term) baby and later-life comorbidity trajectories for females. For males in the birth certificate analysis, we find no association between premature offspring and group membership. We do observe that males having one or more high-birth-weight children have a 30 % increase in the odds of being in the accelerated initiates versus the robust group. Fathers of low-birth-weight babies are also more likely to be in the chronic low and ailing groups compared with the robust group.
Discussion
In this study, we first sought to identify distinct sex-specific trajectories of comorbidity for individuals in two age categories and then tested specific hypotheses relating measures of fertility histories to trajectory group membership. Our results show distinct heterogeneous patterns of comorbidity that range from a robust group whose members avoided major morbid conditions for the majority of the observation period, to a frail group characterized by high comorbidity throughout the entire period. Figure 7 summarizes the association between fertility history and comorbidity trajectories for both sexes and birth cohorts. The results show that fertility history is associated with comorbidity after the age of 65 for both females and males when controlling for early-life circumstances, although it is clear that fertility history has a greater impact on female health. The observed relationships among parity, age at last birth, and comorbidity group membership present evidence consistent with a trade-off between fertility and aging for females in the young-old cohort. We found that adverse effects occur at nine or more births rather than the five or more births reported in other studies of contemporary populations (Doblhammer 2000; Grundy and Tomassini 2005) , although these two studies top-coded fertility at five or more births, which is a likely consequence of lower fertility in their respective populations. Our findings support other studies showing high levels of fertility exact health costs later in life (Gagnon et al. 2009; Kitagawa and Hauser 1973) . We also found a consistent protective relationship between age at last birth and comorbidity group membership in the young-old cohort. This is in line with the prediction that older ages of reproduction are a marker for slowed rates of aging (Perls et al. 1997; Smith et al. 2002) . However, we did not find comparable strong protective effects for females in the middle-old cohort.
Related to the evolutionary theories discussed previously are the biological mechanisms through which fertility is linked to later-life comorbidity for women. We found some support of biological consequences to childbirth for women, although we did not find evidence supporting the maternal depletion hypothesis or the link between low birth weight and comorbidity for women (Davey Smith et al. 2004; Smith et al. 1997) . Extremely high parity (nine or more births) has an adverse effect on later-life health for females but not males. Having at least one long birth interval has a protective effect for females in the middle-old cohort. Previous studies have linked long birth intervals to complications during reproductive years (Conde-Agudelo et al. 2007 ). However, this (Grundy and Kravdal 2014 ) and thus may not be seen in our sample of once-married individuals. We found no evidence in favor of the robust phenotype hypothesis, which argues that fertility success is a marker for health and vitality. Other studies using these data have found evidence supporting the robust phenotype hypothesis Smith 2011, 2012) , but these studies used a historical cohort of women that survived to age 50. It is possible that twinning served as a selection filter, with only the most robust women giving birth to multiples during that historical period surviving to age 50. The same effect is not observed in this contemporary sample with women giving birth during a period when medical intervention could increase the rate of survival for mothers of twins.
This article provides evidence that social mechanisms explain a portion of the relationship between fertility and later-life health. We did not find strong evidence of decreased comorbidity for individuals with more children, and therefore found little indication that the social support hypothesis is consistent with the data. We did, however, find strong evidence supporting the association between age at first birth and comorbidity. Young motherhood is related to adverse health outcomes for both cohorts in this study, and later parenthood is protective for males and females when controlling for early-life circumstances, including childhood SES. The adverse effect of bearing children with low birth weight for fathers but not mothers and high birth weight of offspring for fathers and mothers suggests that adverse birth outcomes could be a marker of risky environments (Kramer et al. 2000) . Sibling and spouse designs may improve understanding of the mechanisms linking reproductive history and health.
Fertility decisions and outcomes are heavily influenced by social and historical circumstances, making it important to consider the historical context of these individuals' lives. The oldest members of the middle-old cohort would have been born in 1908 and entered childbearing age (assuming it is age 15) in 1923, with the childbearing years extending to 1965 for the youngest members of the cohort (assuming age at last birth is 50). The members of the young-old cohort would have initiated childbearing in 1933 and ended in 1974. Changes in managed childbirth, pregnancy, and cesarean deliveries changed rapidly during this period (Sewell 1998) . Contraceptives and infertility drugs would have been available for some individuals in these cohorts, meaning that parity and late age at last birth may not be completely biologically determined. Individuals in both cohorts may have served during WWII, which would affect the timing of fertility. Individuals in both cohorts would have been parents during the Baby Boom, when total fertility rates (TFR) peaked at 3.8 (Westoff 1986 ). Members of the middle-old cohort would also have been children during the 1918 influenza pandemic, an exposure that may have left them physiologically scarred, affecting both fertility and mortality (Smith et al. 2012b) .
This study has some limitations that should be addressed in future studies of the relationship between fertility and later-life health. First, results are based on oncemarried, parous individuals. Future studies should consider the relationship between nulliparity and later-life comorbidity for both men and women. Second, we were unable to consider the role of many early-life and reproductive outcomes (including the number of siblings, number of sons and daughters, proportion of offspring born prematurely, and proportion of offspring born high/low birth weight) and later-life health. Investigators may wish to consider the mediating role of fertility in the association between these early-life circumstances and later-life health. Third, our measures of SES are not exhaustive. Childhood SES measured from the father's usual occupation may differ from the occupation during an individual's childhood. In addition, measures of midlife SES or education are not available in the UPDB for the majority of individuals in the sample. Fourth, sample selection may affect the generalizability of our findings. The sample was limited to individuals linked to the UPDB, in a continuous first marriage until age 50, and enrolled in a Medicare managed care plan. We detected little evidence of sample selection bias, although this result is-as are all sample selection correction methods-a function of the selection correction methods used, including the covariates considered (Fu et al. 2004) . Although other sample selection correction methods exist, we did not test any of them. We are currently in the process of linking 1930 and 1940 census records, which will allow for more information to be used to specify the section process, and future analysis will further investigate selection bias. In addition, the sample is representative of the Utah population, resulting in less racial heterogeneity, lower average ages at marriage and first birth, higher fertility, and a higher proportion of LDS population than found in the general U.S. population. Our innovative approach to studying the relationship between fertility and aging using a large, longitudinal population contributes important information to the study of aging and, certainly, replications of our approach are in order in other populations. Fifth, it is possible that the left-censoring at age 65, due to Medicare age restrictions, affects the generalizability of our findings because individuals were required to survive to age 65. Adverse health consequences associated with childrearing may lead to early mortality in the particularly vulnerable population.
Several key strengths of our analysis are noteworthy, including the use of massive amounts of data to portray a very dynamic outcome using comprehensive medical records. We also used an integrated strategy for examining both morbidity and mortality. The use of a longitudinal database with detailed demographic data allowed us to examine the role of fertility in later-life health while controlling for key early-life conditions for a large number of individuals. In addition, we were able to use birth certificates to link birth outcomes to later-life health trajectories for a subset of the sample.
Future investigations examining the relationship between fertility and later-life health would be beneficial for replicating our results, especially through the use of alternate modeling strategies as well as the inclusion of additional measures of later-life SES and social support. For example, investigations of the mediation effects of fertility on the pathway from childhood circumstances to later-life heath could be conducted using methods such as structural equation modeling. In addition, we did not control for SES during adulthood or current socioeconomic circumstance because these measures are sporadically available in UPDB for members of these birth cohorts. Fertility and later-life health are both affected by adult SES, and some of the observed relationship between fertility and health may be determined by SES. Additionally, final socioeconomic attainment may be altered because of fertility histories.
In conclusion, the arch that defines human aging is heterogeneous, and more research is needed to characterize this variation and the factors that influence it. While early-life conditions explain a portion of the heterogeneity in aging, midlife circumstances may also alter the trajectories of disease. We show that parity, timing of childbearing, and birth outcomes of offspring are significantly related to shape of later-life health patterns and trajectories. This study contributes to this literature because it assesses the associations of fertility history on a long-term process of chronic disease and how it unfolds during the later years of life. The differences in risk factors between men and women suggest that evolutionary, biological, and social mechanisms are all critical when studying aging.
